The cynomolgus macaque (Macaca fascicularis) has emerged as an important experimental animal model for biomedical research in various domains, necessitating the more extensive characterization of the genetic backgrounds influencing the macaque's response to drugs and sensitivity to experimental disease. The diversity of the variable mitochondrial DNA (mtDNA) D-loop region has been analyzed phylogenetically among geographically isolated populations or within subdivisions of the same regional population. However, the genetic differences among several substructures originating from a common population have not yet been investigated. By sequencing fragments of the mtDNA D-loop region from two subpopulations from the Indochinese region (Cambodian-Chinese and Vietnamese) along with two native Indonesian and Filipino populations, we identified 87 mtDNA D-loop haplotypes, of which 67 are new. The phylogenetic relationship suggests that the Indochinese haplotypes are intermingled in comparison to the distinct divergence of the Indonesian and Filipino lineages. The subpopulations were shown by estimation of evolutionary divergence and Wright's F-statistic (Fst) to have little genetic differentiation. Altogether, the subpopulations may be used in biomedical research, even though a slight difference is observed in haplotype frequencies among them. Therefore, genetic diversity analyses will be necessary for the elucidation of genetic differences among the populations, as well as to obtain a better understanding of genetic diversity for biomedical research. This will involve the selection of macaques and the monitoring of genetic heterogeneity among and within breeding facilities.
Introduction
Cynomolgus macaques (Macaca fascicularis), also known as crab-eating monkeys or long-tailed macaques, are widely dispersed in nature and live in a vast area of Southeast Asia, including the Philippines, Indonesia, Vietnam, Malaysia, Thailand, Cambodia, Mauritius, and Brunei. This species is often used for biomedical research [7, 21] involving infectious diseases, such as AIDS [43] , influenza [17] , tuberculosis [6, 15] , measles virus [30] , western equine encephalitis virus [27] , and severe acute respiratory syndrome (SARS) [1�] � neuro- [1�] � neuro-� neurological diseases, such as Alzheimer's disease [40] and Parkinson's disease [8] � reproduction [33] � regenerative medicine [31] � transplantation [4, 18, 25, 41, 42 ]� and immunotherapy [22, 32] . In order to effectively use cynomolgus macaques for medical research, it is necessary to better understand the genetic diversity among and within the different populations.
As an important genetic marker, maternally-inherited mitochondrial DNA (mtDNA) warrants special attention for genetic investigations such as intraspecies variation [35] , population structure [10, 12, 13, 20, 34] , phylo-, population structure [10, 12, 13, 20, 34] , phylo- [10, 12, 13, 20, 34] , phylo-, phylogeography [5, 23, 26, 37] , and demography [24] in ma- [5, 23, 26, 37] , and demography [24] in ma-, and demography [24] in ma- [24] in main macaque species. In particular, the mtDNA control (D-loop) region is composed of �00 to 1,000 base pairs (bp) and contains hypervariable segments 1 (HVI) and 2 (HVII). Recently, sequence-based phylogenetic relationships and genetic structures in cynomolgus macaques were reported by analyzing 149 haplotypes on the mtDNA Dloop HVI segment [35] and 70 haplotypes on the HVII segment [5] . Kawamoto et al. suggested that the Mauritian population, which originated from the island of Java in Indonesia, shows less genetic diversity than the other populations based on the HVII segment [13] . Genetic diversity analyses of the mtDNA have mainly been undertaken among geographically isolated populations from different regions, within single regional populations, and in different macaque species [5, 13, 35] . However, genetic differences among the subpopu-. However, genetic differences among the subpopulations (independent breeding facilities, etc.) that have originated from a common regional population have not yet been investigated. Therefore, a detailed comparison of the mtDNA haplotypes among subpopulations should provide a better understanding of molecular genetic relationships in the context of biomedical research.
In this study, to elucidate the degree of genetic differstudy, to elucidate the degree of genetic differ-, to elucidate the degree of genetic difference in the mtDNA D-loop region including the HVII segment among three subpopulations (CambodianChinese, Vietnamese, and Indochinese, previously reported by Blancher et al. [5] ) that originated from the Indochinese region, we identified 67 novel mtDNA Dloop haplotypes using 20� unrelated individuals, includunrelated individuals, includrelated individuals, including two native Indonesian and Filipino populations. We discuss the genetic differences among the subpopulations and the validity of the diversity analysis for biomedical research, by performing both population genetic and evolutionary analyses using the 5�0-to 5��-bp of mtDNA nucleotide sequences.
Materials and Methods

Animals
A total of 20� cynomolgus macaques were provided by Ina Research Inc. (Nagano, Japan) and Shiga University of Medical Science (Shiga, Japan). The cynomolgus macaques used in this study were unrelated individuals obtained from China (11� individuals), Vietnam (30 individuals), Indonesia (30 individuals), and the Philippines (30 individuals) and imported into Japan from Hainan Jingang Biotech Co., Ltd (Hainan, China), Nafovanny (Dong Nai Province, Vietnam), CV Universal Fauna Breeder and Exporter of Nonhuman Primates for Laboratories (Jakarta, Indonesia), and Del Mundo Trading (Manila, Philippines). The Chinese subpopulation originates from the Cambodian population, therefore we tentatively named the subpopulation Cambodian-Chinese in this study. Blood collection was conducted in ac-. Blood collection was conducted in accordance with the Guidelines for Animal Experiments at Ina Research Inc., Nagano, Japan and Shiga University of Medical Science, Shiga Japan.
PCR amplification of the mtDNA D-loop region
Genomic DNA was directly isolated from the peripheral white blood cells of 20� individuals using the QIAamp DNA Blood Mini Kit (Qiagen, Hiden, Germany). Fragments of the mtDNA D-loop region (approximately 630 bp) including the HVII segment were amplified using a previously designed sense primer (Saru-4F: 5'-ATCACGGGTCTATCACCCTA-3') and anti-sense primer (Saru-5R: 5'-GGCCAGGACCAAGC-CTATTT-3') �11�� This primer pair has been success- [11] . This primer pair has been success-. This primer pair has been successfully used for cynomolgus macaque mtDNA studies [5, 13] . In brief, the 20-µl amplification reaction volume contained 10 ng of genomic DNA, 0.4 units of KOD FX polymerase (TOYOBO, Osaka, Japan), 2 × PCR buffer, 2 mM of each dNTP, and 0.5 µM of each primer. The cycling parameters were as follows: an initial denaturation of �4°C for 2 min followed by 35 cycles of �8°C for 10 s, 60°C for 30 s, and 68°C for 1 min. PCR reactions were performed using the thermal cycler GeneAmp PCR system �700 (Applied Biosystems, Foster, CA, USA).
Nucleotide sequencing
Nuclear mtDNA sequences (numts) are a widespread family of paralogs that have evolved as pseudogenes in chromosomal DNA [2] . Therefore, to precisely deter- [2] . Therefore, to precisely deter-. Therefore, to precisely determine the nucleotide sequences from the mitochondrial genome, we applied two sequencing methods: subcloning and direct sequencing. PCR products from the 20� cynomolgus macaques were subcloned into the pTA vector with the TAget clone™ plus kit according to the protocol provided by the manufacturer (TOYOBO) and sequenced using the ABI3130 genetic analyzer (Applied Biosystems) in accordance with the protocol of the BigDye terminator method. To avoid PCR and sequencing artifacts generated by polymerase errors, eight clones per individual (1,672 clones in total) were sequenced. The nucleotide sequences of all individuals were also determined by direct sequencing of the PCR products using PCR primers as sequencing primers. Haplotypes were determined by comparing them with known sequences in the DDBJ, GenBank, and EMBL databases.
Sequence analysis
The mtDNA sequences were analyzed using the GENETYX software package (Software Development Co. Ltd., Tokyo, Japan). Nucleotide similarities between the sequences were calculated by Sequencher 4.1 (Gene Codes Co., Ann Arbor, MI, USA) and BLAST (http:// www.ncbi.nlm.nih.gov/BLAST/). Multiple sequence alignments were created using the ClustalW Sequence Alignment program of the Molecular Evolution Genetics Analysis software (MEGA4, http://www.megasoftware. net/) [36] . Phylogenetic trees were constructed by the neighbor-joining method ���� with �imura's �-param-���� with �imura's �-paramwith �imura's �-parameter model [14] , as provided in the MEGA4 software. Estimations of evolutionary divergence within and between the populations were calculated by the MEGA4 software. The proportion of variation attributable to differences among the populations was estimated by Wright's F-statistic (Fst) [44] using the ARLEQUIN 3.1 software package [�] , where 1,023 random permutations were run for the significance tests� The fixation index Fst value generally means "little differentiation" at 0 to 0.05, "moderate differentiation" at 0.05 to 0.15, "great differentiation" at 0.15 to 0.25, and "very great differ-" at 0.15 to 0.25, and "very great differ-0.15 to 0.25, and "very great differ-, and "very great differvery great differentiation" at values >0.25 [44] . To compare the genetic differences among the subpopulations, we added sequence information from 27 distinct mtDNA sequences from 68 individuals of the Indochinese subpopulation (which originated from the Indochinese region) [5] .
Results
Number of mtDNA haplotypes
A total of 87 distinct mtDNA D-loop haplotypes were identified in �09 unrelated macaques by the subcloning sequencing method and direct sequencing method (GenBank/EMBL/DDBJ accession Nos.: AB542813 to AB542�07). Forty-seven haplotypes (tentatively named Cam-Chi_1 to Cam-Chi_47) were identified in 11� Cambodian-Chinese, 23 haplotypes (named Vie-1 to Vie-23) in 30 Vietnamese, 18 haplotypes (named Ind-1 to Ind-18) in 30 Indonesian, and 7 haplotypes (named Phi-1 to Phi-7) in 30 Filipino macaques. Of the 87 haploin 30 Filipino macaques. Of the 87 haplo-30 Filipino macaques. Of the 87 haplomacaques. Of the 87 haplo-. Of the 87 haplotypes identified, 79 were specific to the CambodianChinese (n=3�), Vietnamese (n=15), Indonesian (n=18), and Filipino (n=7) populations. However, eight haplotypes were shared between the Cambodian-Chinese and Vietnamese subpopulations. Of the 87 distinct haplotypes, 20 were previously reported haplotypes and 67 were newly identified haplotypes (Cambodian-Chinese, n=35� Vietnamese, n=12� shared Cambodian-Chinese and Vietnamese, n=3� Indonesian, n=13� and Filipino, n=4). Nucleotide variations, similarities, and frequencies of the mtDNA haplotypes Excluding the PCR primer sequences (40 bp) from the determined sequences, the haplotypes were 5�0 to 5�� bp in length. Of the 47 Cambodian-Chinese haplotypes, 41 haplotypes (87%) were 5�3 bp in length, while the other six haplotypes (Cam-Chi_4, Cam-Chi_10, CamChi_12, Cam-Chi_20, Cam-Chi_42, and Cam-Chi_46) had irregular lengths ranging from 5�4 to 5�� bp (Table  1) . Of the 27 previously reported Indochinese haplotypes, four haplotypes (Indochina054, Indochina060, Indochina075, and Indochina084) had irregular lengths ranging from 5�2 to 5�5 bp [5] . In contrast, all Viet- [5] . In contrast, all Viet-. In contrast, all Vietnamese haplotypes were uniformly 5�3 bp, and all In-, and all Inand all Indonesian and Filipino haplotypes were uniformly 5�0 bp (Table 1) . To investigate nucleotide variations such as insertion or deletion (Indel) sites and substitution sites among the haplotypes, we created six multiple sequence alignments (all populations: 601 bp, Cambodian-Chi--Chinese: 601 bp, Vietnamese: 5�5 bp, Indonesian: 5�0 bp, Filipino: 5�0 bp, and Indochinese: 5�8 bp) ( Table 2 ). Of the alignment of all populations, nucleotide variations were observed in 141 sites (frequency of the variable sites: 23.5%). Of these 141 nucleotide variations, 13 were Indel sites and 128 were substitution sites ( Table  2) . Cambodian-Chinese, Vietnamese, and Indochinese subpopulations showed two-to four-fold higher frequencies of the variable sites (14.6% in Cambodian-Chinese, 11.3% in Vietnamese and �.4% in Indochinese) than the variable site frequencies in Indonesian (5.1%) and Filipino (3.4%) populations (Table 2) .
Five Indonesian haplotypes (Ind-1, Ind-8, Ind-�, Ind-12, and Ind-13) and three Filipino haplotypes (Phi-1, Phi2, and Phi-3) were perfectly matched with the previously reported Indonesian and Filipino haplotypes ( Table  1 ). In contrast, the nucleotide similarities of the mtDNA haplotypes in this and previous studies revealed haplotype sharing in the Cambodian-Chinese and Vietnamese subpopulations. Namely, eight Cambodian-Chinese haplotypes (Cam-Chi_1, Cam-Chi_5, Cam-Chi_7, CamChi_11, Cam-Chi_17, Cam-Chi_1�, Cam-Chi_20, and Cam-Chi_34) were perfectly matched with eight VietChi_34) were perfectly matched with eight Viet-34) were perfectly matched with eight Vietnamese haplotypes (Vie-12, Vie-3, Vie-8, Vie-2, Vie-1, Vie-10, Vie-�, and Vie-18) ( Table 3 ). In addition, nine Cambodian-Chinese haplotypes (Cam-Chi_1, CamChi_5, Cam-Chi_6, Cam-Chi_7, Cam-Chi_8, CamChi_11, Cam-Chi_12, Cam-Chi_18, and Cam-Chi_1�) and eight Vietnamese haplotypes (Vie-12, Vie-3, Vie-8, Vie-2, Vie-10, Vie-5, Vie-6, and Vie-13) were perfectly matched with 12 Indochinese haplotypes [5] . In par- [5] . In par-. In particular, five (Cam-Chi_1/Vie-12/Indochina053, CamChi_5/Vie-3/Indochina070, Cam-Chi_7/Vie-8/Indochi-5/Vie-3/Indochina070, Cam-Chi_7/Vie-8/Indochi--3/Indochina070, Cam-Chi_7/Vie-8/Indochi-3/Indochina070, Cam-Chi_7/Vie-8/Indochi-Chi_7/Vie-8/Indochi-7/Vie-8/Indochina086, Cam-Chi_11/Vie-2/Indochina05�, and Cam-Chi_1�/Vie-10 / Indochina554) were common hapChi_1�/Vie-10 / Indochina554) were common hap-1�/Vie-10 / Indochina554) were common hap-/ Indochina554) were common hap-/ Indochina554) were common hapIndochina554) were common hapIndochina554) were common haplotypes shared among the three subpopulations (Table  3) .
Of all the mtDNA haplotypes presented in Table 1 and  Table 3 , 17 Cambodian-Chinese haplotypes (Cam-Chi_1 to Cam-Chi_17), 4 Vietnamese haplotypes (Vie-1 to Vie-4), 5 Indonesian haplotypes (Ind-1 to Ind-5), 4 Filipino haplotypes (Phi-1 to Phi-4), and 11 Indochinese haplotypes [5] were possessed by more than two individuals. Of these, 13 haplotypes (Cam-Chi_1, Vie-1, Vie-2, Ind-1 to Ind-3, Phi-1 to Phi-4, Indochina052, Indochina053, and Indochina05�) showed relatively high haplotype frequencies (HF) of 10% (0.100) or greater in each population (Tables 1 and 3) . Cam-Chi_1, Vie-1, Ind-1, Phi-1, and Indochina05� showed the highest haplotype Tables 1 and 3 ). Significant differences in haplotype frequency were observed in the three subpopulations. For example, although Cam-Chi_1 showed the highest frequency (HF=0.218) in the Cambodian-Chinese subpopulation, the corresponding haplotypes were 12th most frequent in the Vietnamese subpopulation (Vie-12, HF=0.033), and third most frequent in the Indochinese subpopulation (Indochina053, HF=0.118). Vie-1 showed the highest frequency (HF=0.133) in the Vietnamese subpopulation, but the corresponding haplotype was 17th most frequent in the Cambodian-Chinese subpopulation (Cam-Chi_17, HF=0.033), and the corresponding haplotype was not detected in the Indochinese subpopulation. In addition, Indochina05� showed the highest frequency (HF=0.176) in the Indochinese subpopulation, but the corresponding haplotypes were 11th most frequent in the CambodianChinese subpopulation (Cam-Chi_11, HF=0.017) and second most frequent in the Vietnamese subpopulation (Vie-2, HF=0.100) ( Table 3) .
Phylogengetic relationship among the mtDNA haplotypes
To examine the phylogenetic relationships between the populations, we constructed a phylogenetic tree using the neighbor joining method based on 148 sequences (the �5 mtDNA haplotype sequences obtained from the present study, in addition to 27 Indochinese macaque, 22 rhesus macaque, two Japanese macaque, and two Barbary macaque haplotype sequences which were previously reported) (Fig. 1) . The phylogenetic relation-) (Fig. 1) . The phylogenetic relationship comprised two distinct divergent clusters of haplotypes for "insular" lineage (Indonesian and Filipino) and "continental" lineage (Cambodian-Chinese, Vietnamese, and Indochinese) with a ��% bootstrap value after spea ��% bootstrap value after spe-��% bootstrap value after speciation of the other macaque species. In the continental lineage, haplotypes were intermingled among Cambodian-Chinese, Vietnamese, and Indochinese populations in comparison to the distinct divergence of the insularIndonesian and Filipino lineages with �6% bootstrap values. In addition, the continental lineage was divided into two sublineages: Type A and Type B, with high �7% bootstrap values� only 11 Cambodian-Chinese, Vietnams� only 11 Cambodian-Chinese, Vietnam-� only 11 Cambodian-Chinese, Vietnam--Chinese, VietnamChinese, Vietnamese, and Indochinese haplotypes were included in the Type B sublineage (Fig. 1) . Interestingly, the most frequent haplotypes of Cam-Chi_1 and Indochina05� in the Cambodian-Chinese and Indochinese subpopulations were included in the Type A sublineage, but the most frequent haplotype in the Vietnamese subpopulation, Vie-1, was included in the Type B sublineage (Table 3) . Furthermore, of the six irregular-length Cambodian- Chinese haplotypes (594 to 599 bp), fi ve (Cam-Chi_4, Cam-Chi_10, Cam-Chi_20, Cam-Chi_42, and CamChi_46) were included in the Type B sublineage ( Fig. 1 and Table 1 ). In addition, of the four irregular-length Indochinese haplotypes (5�2 to 5�5 bp), two (Indochina060 and Indochina084) were included in the Type B sublineage (Fig. 1) .
Evolutionary divergence and genetic structure among the mtDNA haplotypes
In order to elucidate the differences in the evolutionary divergence and genetic structure of the mtDNA haplotypes among the three subpopulations, we estimated the evolutionary divergence between pairs of sequences within and between populations, and the net evolutionary divergence of sequences between populations using MEGA4 [36] . We also calculated the proportion of variation attributable to differences among the populations by Wright's Fst statistic [44] and evaluated the amount of population genetic structure using the ARLE-QUIN 3.1 software package [�] . The evolutionary analysis indicated that the average evolutionary divergences within the three subpopulations showed higher d values (d=0.01� in Cambodian-Chinese, d=0.023 in Vietnamese, and d =0.018 in Indochinese, respectively) than those of the Indonesian and Filipino populations (d=0.012 and 0.015, respectively). Conversely, the average evolutionary divergences among the three subpopu- lations showed decreased values (d=0.01� to 0.022) compared to the divergences between the Indonesian and Filipino populations (d=0.02�) and the other combinations (d=0.061 to 0.064). Ultimately, net evolutionary divergences among the three subpopulations showed low values (d=0.0005 to 0.001) in comparison to the other combinations (Table 4) . However, three pairs among the subpopulations showed lower Fst values (Fst=0.036 to 0.065), corresponding to "little to moderate differentiation", in comparison to the other combinations (Fst=0.551 to 0.7�4) and corresponding to "very great differentiation" based on the definition of the Fst values, although the three pairs among the subpopulations showed weaker significant Fst P values (P=0.0002 to 0.0437) than the other combinations (P<0.000001) ( Table 5) .
Discussion
This study of the genetic differences and genetic diof the genetic differences and genetic dithe genetic differences and genetic diversity of the mtDNA D-loop region patently demonstrates that cynomolgus macaques are divided into continental and insular lineages after divergence from other macaque species (Fig. 1) . Phylogenetic analysis indicates that the Mauritian haplotype sequences are most closely phylogenetically related to the Indonesian hapthe Indonesian hapIndonesian haplotypes (data not shown)� These findings are consistent with previous reports [5, 13] . Furthermore, the diver- [5, 13] . Furthermore, the diver-. Furthermore, the divergences at the main branch points show high bootstrap values, suggesting that the phylogenetic relationships of the tree are very accurate. Blancher et al. suggested that some of the Indonesian haplotypes (indonesia30�, indonesia403, indonesia356, indonesia344, indonesia333, indonesia418, indonesia325) are phylogenetically close to the haplotypes derived from Indochina and the Philippines. However, our data indicate that all the Indonesian haplotypes occurred only in the Indonesian lineage, posoccurred only in the Indonesian lineage, posonly in the Indonesian lineage, possibly because DNA samples were collected from the Indonesian wild population, which has a complex origin resulting in mtDNA lineage heterogeneity [5, 37-3�] . In contrast, the DNA samples used in this study were derived from one breeding facility and the Indonesian haplotypes, and are thought to reflect only part of the wild Indonesian haplotypes. By comparison, the Fili- pino samples originated from Mindanao in the Philippines. Therefore, further phylogenetic analyses of populations in Indonesia and the Philippines, both of which consist of many islands, will be necessary to gain an understanding of the genetic diversity of cynomolgus macaques.
The Cambodian-Chinese, Vietnamese, and Indochi--Chinese, Vietnamese, and IndochiChinese, Vietnamese, and Indochinese subpopulations have higher degrees of genetic diversity than the Indonesian and Filipino populations, as demonstrated by (1) the identification of a greater numer numnumber of haplotypes (Table 1) , (2) the higher frequency of variable sites (Table 2) , and (3) the higher average evo-2), and (3) the higher average evo-), and (3) the higher average evoer average evoaverage evolutionary divergence over sequence pairs within populations (Table 4) . These tendencies are consistent with previous reports of mtDNA diversity [5, 35] , microsatel- [5, 35] , microsatel-, microsatellite polymorphisms [3] , and major histocompatibility complex genes [1, 16, 2�] . However, genetic comparison among the three subpopulations revealed intermingled phylogenetic relationships (Fig. 1) , close average evolutionary divergences and net evolutionary divergences (Table 4) , and little to moderate differentiation (Table  5) . Therefore, these analyses strongly suggest that the three subpopulations have similar phylogenetic relationships and genetic structures, as well as retaining a high level of genetic diversity within each subpopulation.
Most importantly, we observed that the sublineages, Type A and Type B, tended to be related to the haplotype length and frequency among the three subpopulations ( Fig. 1 and Table 3 ). The fact that the macaques origi-3). The fact that the macaques origi-). The fact that the macaques origithe macaques origimacaques originated from the Indochinese region, but the DNA samples from Vietnamese and Indochinese subpopulations were provided by the same breeding company (Nafovanny in Vietnam) may have resulted in genetic bias. The breedhave resulted in genetic bias. The breedresulted in genetic bias. The breeded in genetic bias. The breedin genetic bias. The breedThe breedhe breeding design, generation and/or the small sample size may have been a strong driving force for shaping the genetic structure in the three subpopulations. The weakly significant Fst P values among pairs of the CambodianChinese, Vietnamese, and Indochinese subpopulations may have been due to this (Table 5) . Although the biohave been due to this (Table 5) . Although the biothis (Table 5) . Although the bio-5). Although the bio-). Although the biological importance of differences between Type A and B is unknown, the diversity may influence some phenotypes in biomedical research because weak gametic disequilibrium was observed in the Mauritian population [13] . Nevertheless, the mtDNA diversity will be helpful for the selection of individuals on the basis of their Type A or B classification� Of the 6� Cambodian-Chinese and Vietnamese haplotypes, 50 were newly identified� Therefore, further examination of the mtDNA haplotypes will be necessary to obtain a detailed division of the populato obtain a detailed division of the populaa detailed division of the populathe populapopulations into sublineages. As the importance of biomedical research on macaques continues to increase, individuals will likely be distributed from newly established breedlikely be distributed from newly established breedbe distributed from newly established breeding facilities to biomedical researchers around the world. In these circumstances, it will be necessary to check the genetic background of specific subpopulations among and within the breeding facilities by using mtDNA and the other polymorphic markers.
In conclusion, the Cambodian-Chinese, Vietnamese, and Indochinese subpopulations have a similar genetic background in the mtDNA D-loop region. Therefore, the subpopulations can be utilized for biomedical research, even though a slight difference of haplotype frequency is seen among them. Genetic diversity analyses will be necessary, not only for the elucidation of genetic differences among populations but also to garner a better understanding of genetic diversity for biomedical research. This will involve the selection of macaques and the monitoring of genetic heterogeneity among and within breeding facilities.
